Objective: Many changes have occurred in the natural history and the management of active infectious endocarditis (AIE) in recent years. Therefore, the records of patients admitted in a tertiary care specialized hospital presenting with the Duke criteria were reviewed.
A
LTHOUGH COMBINED MEDICAL and surgical management may result in the lowest mortality in patients with active infectious endocarditis (AIE) and hemodynamic compromise, 1 the outcome of surgery has not been reported recently despite its changing profile. 2 However, these patients seem to consume a large amount of resources in the postanesthesia intensive care unit (PAICU). Therefore, the database and files of patients operated on for AIE during a 3-year period in a tertiary university hospital are reported.
METHODS
The files of consecutive patients undergoing cardiac surgery with cardiopulmonary bypass (CPB) for AIE between July 1, 1997 and June 30, 2000 were analyzed. All patients were treated with antibiotics at the time of cardiac surgery. AIE was diagnosed according to modified Duke criteria. 3 Patients with AIE associated with chronically implanted pacemakers were not included. Emergency surgery was defined as surgery performed on the first day of presentation to the surgeons. The Parsonnet score 4 was completed preoperatively by the anesthesiologist in charge. A preexisting valvulopathy was defined by a history of cardiac murmur and/or a history related in the patient's file. All patients underwent at least an abdominal computed tomography (CT) to detect embolic events and a cerebral CT when neurologic symptoms were present. The Simplified Acute Physiology Score (SAPS II) was calculated after the first 24 postoperative hours. 5 Renal dysfunction was defined as an increase in creatinine by more than 50 mol/L. Mortality was defined as death occurring during the hospital stay. Patients discharged with neurologic sequelae filled out a telephone questionnaire conducted by one of the authors (PR).
The microbiologic diagnosis was performed by blood and/or valve cultures. Serologic assays and polymerase chain reactions to recover specific DNA from surgically excised tissues were performed systematically. 6, 7 All excised tissues were macroscopically and microscopically examined to confirm the diagnosis of AIE. 8 Antibiotics were administered according to recommendations. 9 Intravenous (IV) amoxicillin combined with an aminoglycoside (most often gentamicin) were selected when streptococci were isolated. When staphylococci were isolated, oxacillin (or vancomycin) and gentamicin were administered perioperatively according to a regimen previously described for prophylaxis. 10 All patients underwent postoperative transthoracic and, when necessary, transesophageal echocardiography. 8, 11 Immunosuppression was defined as a history of splenectomy, organ transplantation, and/or immunosuppressive treatment.
Chi-square tests were used to compare qualitative data, and t tests were used for quantitative data. A p value Ͻ0.05 was considered significant. Univariate analysis was used to determine factors associated with fatal outcome. Multivariate analysis was not used because of the limited number of patients.
RESULTS
Ninety-eight patients were operated on during 36 months, whereas 164 patients presented with AIE in the hospital (59.7%). Table 1 presents preoperative clinical data. The delay between AIE diagnosis and cardiac surgery was 23 Ϯ 16 (mean Ϯ standard deviation) days. The causal infection was clearly identified in 36 cases (dental procedures, 21; colonic, 15). One patient was an IV drug user.
The aortic valve was involved in 72 cases, the mitral valve in 41 cases, both valves in 25 cases, the tricuspid valve in 3 cases, and multifocal lesions in 12 cases (periannular and septal abscesses, interventricular septal perforations). The number of embolic events was greater in patients with combined valvulopathies (37 in 28 patients). The localizations of embolic events were cerebral (26 patients), splenic (22), renal (10), extremities (8) , hepatic (4), pulmonary (2) and miscellaneous (14) . This localization was independent of valvular lesions. Acute renal dysfunction was observed in 10 patients, with oliguria in 9 patients. Mean Parsonnet score was 27 Ϯ 19. Figure 1 shows the receiver operating characteristic curve of Parsonnet score for predicting mortality. A score of 24 had a sensitivity of 80% and a specificity of 30%. Table 2 shows laboratory data.
A pulmonary artery catheter was inserted in 67 patients with hemodynamic instability and/or a multilumen central venous catheter was used in the others. Aortic valve replacement was the most frequent operation; 94 mechanical valves were inserted in 80 patients (Table 3) . One patient died intraoperatively after a double valve replacement (aortic and mitral). This death occurred after 3 failures of CPB weaning in conjunction with massive pulmonary edema.
The median duration of mechanical ventilation and of PAICU stay were 5 (6 hours-65 days) and 10 days (0-93), respectively. The median duration of total hospital stay was 39 Ϯ 27 days. Each patient was administered 5 Ϯ 4 units of packed red cells. Nineteen patients died during the hospital stay. Their median survival period was 17 days. Mean SAPS II score was 28 Ϯ 15. Figure 2 shows the receiver operating characteristic curve of SAPS II for predicting mortality. A score of 16 had a sensitivity of 90% and a specificity of 30%. The factors associated with death are listed in Table 4 . Fifteen patients required an early reoperation because of hemorrhage or recurrent valvulopathy, but reoperation was not associated with a decrease in survival (p ϭ 0.645).
Thirty patients presented with postoperative complications. The most frequent were cardiogenic shock (23 cases). Ten patients required hemodialysis. Neurologic motor deficit occurred in 20 patients. Eleven patients were discharged with neurologic sequelae. Two years later, 2 of these 11 patients had recovered with a satisfactory quality of life but 2 had dysarthria or aphasia, 2 had hemiplegia necessitating staff assistance, 1 died from another cause, 1 had senile dementia, and 3 could not be contacted. Sixteen patients presented with other sequelae at discharge: 4 had renal failure, 5 had pressure ulcers, and 2 had cardiac failure.
The responsible agents were identified in all patients (Table  5) . Streptococci appeared responsible in 54 patients and were more frequent (69.5%) in native valve endocarditis versus only 43.7% in prosthetic valve AIE (p ϭ 0.04). In prosthetic valve AIE, staphylococci were as frequent as streptococci. When comparing patients with and without previous history of car- diopathy, the prevalence of streptococci and staphylococci was not different. Streptococci and staphylococci presented equivalent risks of death (Table 4 ). The median number of successive antibiotic regimens administered by patient was 2 (extremes: 1 to 7), and the duration of antibiotic treatment was 62 Ϯ 23 days. The longest treatment lasted 540 days in a patient with methicillin-susceptible Staphylococcus aureus multifocal infections.
DISCUSSION
The main indications for surgical intervention in AIE include congestive heart failure, uncontrollable infection, and prosthetic valvular dysfunction, but additional indications may include perivalvular extension, major embolic events, and early prosthetic valve AIE. 12 Sixty percent of patients with AIE were operated on in the present series. This proportion was only 47% in a recent French multicenter study. 13 The high proportion might be because the authors' institution is a tertiary hospital. Seventy-four percent of patients were men, which is consistent with a previous study that showed that AIE occurred in men in two-thirds of cases. 14 The proportion of AIE patients in the absence of underlying structural heart disease was 54% and seems to be increasing. 2 The patient's age is also increasing 14 ; mean age was 43 years in 1978 15 versus 53 years in this series. Atheromatous deposits and annular calcifications are 2 important risk factors in the elderly. 16 After cardiac surgery for AIE, the in-hospital mortality rate was 17% in 2 previous studies 17, 18 and 10% in a recent study. 19 In the present study, the 19.4% in-hospital mortality rate is higher, possibly explained by the large incidence of multifocal lesions. Parsonnet score sensitivity was greater than its specificity, but it performed satisfactorily in the patients with AIE as in patients undergoing cardiac surgery in a tertiary referral center. 20 A Parsonnet score equal to 24 corresponds to a sensitivity of 80% and a specificity of 30%. Early postoperative SAPS II score did not add predictivity, suggesting satisfactory local operative standards. Systemic emboli occurred in 51% of patients. Emboli occurred preoperatively and were cerebral (26%), splenic (22%), renal (10%), hepatic (4%), and pulmonary (1%). They involved extremities in 8% of cases, causing acute ischemia and necessitating emergency vascular surgery. Anticoagulants increase the risk of secondary bleeding in the case of cerebral emboli. 21 However, no cerebral hemorrhage was diagnosed postoperatively by CT. The neurologic complications increased the nursing workload in the PAICU and had sequelae in 11% of patients. The risk of embolization has been reported to be higher in staphylococci AIE when the vegetation size was larger than 10 mm. 22 Renal failure resulted from sepsis, emboli (abscess, infarction), immune-complex glomerulonephritis, 23 and cardiogenic shock. Although serum aminoglycoside and vancomycin serum levels were routinely monitored, their renal toxicity cannot be ruled out. Patients who died postoperatively had significantly greater preoperative elevations of creatinine and blood urea nitrogen (Table 4) . Acute renal failure was previously reported to be an independent risk factor for in-hospital death in AIE, 24 and AIE has been found to be an independent predictor for renal dysfunction after cardiac surgery. 25 Postoperative hemodialysis was necessary in 7% and was associated with hospital death (Table 4) . Acute cardiac failure was a major cause of mortality. Patients with underlying cardiac abnormality necessitating emergency operation because of hemodynamic instability, antiarrhythmic treatment, or long CPB duration had a higher death rate (Table 4) .
The high incidence of AIE because of Streptococcus bovis (23.5%) was expected. 2 S bovis endocarditis is associated with colonic diseases (tumors or diverticulosis) and mandates colonoscopy. 26, 27 Because of this potential cause or the severity of AIE, a greater mortality has been reported in 1 study 28 but not in other studies. 27,30 AIE caused by S bovis was reported 30, 31 to be more common in elderly patients, with presumed normal valves, and was associated with neurologic complications. Selton-Suty et al, 13 in a case control study, did not find the influence of age but found a high incidence in patients with presumed normal hearts. Pergola et al 32 reported the high embolic risk in these patients, and Gergaud et al 33 also reported the high incidence of neurologic complications. S bovis endocarditis was not associated with a higher mortality (13%) in the present study.
The relatively low incidence of staphylococci AIE can be explained by the low incidence of IV drug users in this series, contrasting with a rate of 50% in other studies. 34 Staphylococci endocarditis has been associated with higher mortality, 35 but this was not found in the present series or in others. 36 The relatively early use of cardiac surgery may explain that staphylococci had not had enough time to produce extensive cardiac lesions.
The present tendency is to repair cardiac valves or to use homografts or autografts (Ross operation) rather than valvular prosthesis 37, 38 to facilitate the action of antibiotics postoperatively. This tendency was not yet observed in the present series, but this is presently changing. For example, complex mitroaortic lesions have been successfully treated by a monobloc aortomitral homograft. 39 Not surprisingly, the other factors associated with mortality were age, diabetes mellitus, and preoperative albuminemia. The age did not influence the 5-year mortality in a previous study. 40 However, in the present study, the early mortality was greater in elderly patients. This is not surprising in patients undergoing cardiac surgery. 4 Age, cerebral embolism, prosthetic valve AIE, diabetes mellitus, and absence of surgery were associated with in-hospital mortality in a previous study. 29, 41 Hypoalbuminemia and poor nutritional status were also associated with a poor prognosis. 42 In conclusion, patients undergoing cardiac surgery for AIE have a severe prognosis (mortality ϭ 19.4%). A high prevalence of S bovis AIE occurred, but this infection was not associated with a more severe prognosis. Conversely, a poor prognosis was associated with the following preoperative factors: emergency operation, age, diabetes mellitus, known valvulopathy, arrhythmia, renal failure, and hypoalbuminemia. As in other cardiac operations, Parsonnet and SAPS II scores showed satisfactory values in predicting mortality. Postoperatively, these patients may necessitate high-intensity care such as prolonged cardiac, ventilatory, renal, and nutritional support, and they may have neurologic sequelae. This may lead health economists to limit this expensive activity to tertiary care hospitals.
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